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(54) PLASMA PROCESSING DEVICE 

(57)Abstract: 

PURPOSE: To eliminate risk of film attachment to a microwave introducing 
window, produce high density plasma stably, and perform formation of a 
metal film of Al, etc., and a conductive film of SiC, etc., stably for a long 
time. 

CONSTITUTION: A vacuum wave-guide tube 61 is configured with a wave- 
guide tube portion 61-1 and a tapered tube portion 61-2. A microwave 
introducing window 27 is positioned in a dead angle viewed from an opening 
for introducing microwaves. The microwaves having passed the window 27 
are led in the wave- guide tube portion 61-1 in the direction perpendicular 
to the external magnetic field with the microwave electric field parallel with 
the external magnetic field, reflected by the tapered tube portion 61-2 with 
the advancing direction bent at a right angle, and introduced to a plasma 
producing chamber 20 being led by the external magnetic field from the 
ferro-magnetic side stronger than the ECR conditions. 
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E:/9X^£j$&I»±<Pft««JHftflEa<B C Rfe# J; 0 

MicjfiE^iiTii « c t * w m t + % 5 x v 5ji 3i m 
m. 

[0 0 0 1] 

mm±ommttm] commit, zf^x-vttjSMw 
m^-tM^a hD>#s.(ECR) i:<toy5X-7{b 
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2-43 3 3'5^ rX7XV#fgij (#gMBS55- 
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Strife «fc tf^Kj (t*KiP8 6 3 - 9 8 3 3 0^) ***0 

[0 0 0 3] 1217 (3*3l/^T. 1 0 2 0IJX5 

i o kt. aa^4 o sr«sK-rsgii^-& 1 1 

i 2 £^UT«Ma£& i 3 ciMsnt^s. &ttt£ 1 0 

HIP 2 1 $jt-Lf/7X7Mi2 0 to^ot^ 
•5. SliJXi|A?liLTroiSAf2 2 LT^^S© 
21 1 #*iHJ; Of 1 ^X$7'7X7^ 2 0 1*1 dig 

<„ nn 2 l o^SfcjfiaiLT. >ML*»ftffl*ttifclR 

!|*«2 3£EBU H2 7^fXagA^i:bT<DjgA« : 2 4 

^iotis<. ^x^4M2 o©j^oictt> '<&mm 

6B2 5&IEHU ^^^2 6 *5>LT!^SlM«t 07j<^c 

[0 0 0 4] 7"7X74^i2 Ofcte. ^ffliP 2 1 <h 
S*lfi]-r5«lffifc. CTA«5??7?5^1SC«k-5V-f i7Dift 
^ASS (Mtt#&) 2 7*«H:tt6nTV>*. ZtoHi? 
az£^AS2 7 ^LT, -7-f ^DiS«$&#©3 0*>6 
©Vf <7Di££. g^Si»LTX7Xx'4M2 0 
l*J(C#<. *g^jgi£i?3 3 tV-f 2aj&5gA&2 7 
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[0 0 0 5] 7 , 7X7ti|[2 0 0^01:11 fiB^p-f 

<V-f£D»WjftR2. 4 5GHzOiHrl:li8 7 
5#9X) »«3-f ;U5 0 t>^5X74 
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[0 0 0 6] £©ck5fcl»jS©ECR;/7X7-&fiJ/Bl, 

•^lo-'Trr), Kett. mmm<Dm*o<ft&* 

WUT&O. PJK^S^OJSfflTtt. SiOi , S is 

n< , si c®<D&mwm&to!&mv<D&u-vm& • k 

[0 0 0 7] 

SLWSfcftk, V-f £o-ifcigA8{2 7±l;t)l*i# 

®2 7 tismtt^d^^sn-ssg^. -7<i7Dis*tsw 

5Xv'jJt*SJ#-C*£<fcD, fflt»j£*<fTA.Jtt<fc-5. * 

*>nfc o-r 3. £ ©<£ 5 t!se*©«««j«T?ttv>f * □ 
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SAS2 7 *BBELT^-S. tUT, V-f i7 □^Sr^'f 
i7D&i^A^2 7 6XI,X$|ltf7 2 ^UX7X 
■7*J5E^2 O^WBI-^fcroiib, K^a-f;U50<i:K 
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r * ^ t \Z J; 0 . T-f Z D»i»A« 2 7 ^**tt«*«^ 
^PL^< VJfc©t LTI-S5. d©ii-&« *^MS?S i i : 7 2 

-e© X? X v <n$k±iwm t U -5 ci ©^ft#SfiK 

»^2gKt=7 2©«H»C»«tt#7 1 
HiCkOJtffiilSf 7 2rt05«*ffifiSr*'>S*T. 
KS^af 7 2 4'T©7 , 7Xv©fg^$JJUJ:.UT^-5 
50 (ffifflttg£¥$&ft5 8*£8# (1 9 8 94?) 12 1 
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71- 1 2 2 6H rjSiiiXAy^SECR^^Xv^ 
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0 fC < ^ d £ ft*ijffl LT, X£i»tt«7 21*^© 
X5Xv©tt;tS:^BSitbTV^ 5 8 
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•^a jjetccin^w 5 1 1> 1 -otfj&iL 

L&V>*^fc:tt;fSlHl<ft*. — iS$Jg©ECR:/ 
7X-7*SS?JfefC±jsSf ftfcfettt, (d) T-f^Pjg© 
a50r ft »<fc •V-fj' DiS*tECR*frJ:0t)il5« . 

» flu a» e> ft ic r D v o t x 5 x? t * a 2 nt 
WCi, (e) v-f ^n«tt5K03&Kd^a«IHcii 

iTM:t, (f) aa*cna*t3)i5isnTir>*ci: 
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7 2l*l©fii^S:3i.J6-5itT, ftgSig&i? 7 2 |*IT©X 
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fc, H9k:«Ufc»lB«|j*Ttt, '*2S*»flf7 2ftX5 
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i<? ftasa^ftwt-u ^.n»c«fcoX5X-7©»^*ffl)A' 

[0 0 14] H "1 0 fc3RT*11«J5JtTtt, RFH8 1 
ftffil^T, V-f 4mjftifcAfc2 7 CftMSiSTJ (RF| 

M2 0 CA r ^$?IAl/TX7X-7ftU, RFil 

8 1 CfcD^-f ^Pi£3»A®2 7 ICR F ® U 

>*7JD)tbT-7'f ^PjftigiA®2 7 Ar-f 

7^©i»«ttW<D##*RrjtbT^* vo 
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[0 0 15] LfrLfctfiZ. Z\(Dmmm^it, Ar-f 

=*>*<8f^T*;rtk:«k£v^*Djfcii*AiS2 7 ©an 

©ra®-*\ =m{c«ts^*"E^!|8f©^4'©i!fi[^©iiA 

©f5ga<&5 5*o V-fi? DISAI5 2 7©i&jg±#ft 

30 [0 0 1 6] «±KHLfcJ:3fc, «fc©£C%"7-f * 
P&3SASS2 7<vO)KWSf©Mgftffi2(EW»Cij?StUT, 
*af*©X5.Xvft.5fcJfefc£i5jiT*. ^Sttflgftfi^IH 

[0017] 

[StHft#?&-f 5 £©©¥!§:] *^0J(±C©«fc-5?igS® 

ft#ft-rsfc©fc&£nfc*>©T, gy (a^jgj 

(c^^^b^) a, j»ttff«fc3lilSffi«fc^6iBttffft«l 
fiRl/. ^&g§g©X^X-7^gjo^#j©ffii^tci§:ttg>nfc 
^?fi□ft^^T-g^©M{alJ^c^Q#:^ftgHSL, ^fcgyfejg 

^0 8g©WBj:«iML/Tg»y«ftH!tt. I^S#:^ftaiaL 
fcT-f j^Dftft. ^©^-f^PiSffi^ft^gcm^^^fT 

R^#«fcOt)^V>«Bf-Ca^fCffltfT. jgftgfflftfflt? 

§g) z^j^MMMftMii^MgM^MMSM^ 

tg « 6 tlfe W-Q ft » A;-PK8t«l ^»l^-r fll'l 
50 giftEitt, Sfefc%$@gE©Mn£»bTgjfc!i < ga5ft 
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£ ©T-T j; D«<pjftff arftSrT^Xv&JdS&flr^ 
tf T, ffiijggglS <£ g 2 Titfjjjjg |CjB 2 T 79 X7jj 
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[0018] , 

%%lfffi©gBP£^T^©ffiffl(::BEB3nfc %@ft:& 
Siljfibfcv-r □&#•?■© v-f Dism^^^-OT^- 

^&WftT©:X9X^©^:£,fci||t&l : ft^©:7 , 9X-7© 
^Da^5vn:ff^?iL$oT, BBattflr redraft CD gj5 

£ft tK V^g P&m#©%&rt*jE#t::§a< ft ■£,©•?, 
g%'grt^:/9Xva*jE#tCgS£bfc< <ftQ t ig&'g 

^Ttt ggmfc&£3E?®bfcV^Pi£#^©^-f /?P 
7f tfC D, &ifegrtT©:/9Xv©gg£,higi)$ i l : 

Br) a*J»Jk3»l&. 3-fc. atftgcPBia^jff-CttWWft: 

TX7X-7lM^I< £ £K«kP. 7_zXx£^£rt 
TO?-f £P$©^|gr£[S;fr<*;i£;ft*Tg-5>. ^3%Bj-p 

frS»T^a©feBfciEB$ftT^-5;ij:t::.krK 79 

t^&£_£j£3^[^<ftj5. 
[0 0 19] 

tBlE* - *. ll^©IftBjj(;:A5[^:fcfPJ©filEg£ft 

[0 0 2 0] (S^ffip 
0 1 (a) , (b) , (c) fcgftiBiP TOafcfcsat*: 
0J£*T. #!3teV^P&igA^&fc*cbT;HbT:fc 
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0. flfiOffl»©«|fi!SttH7 4R|«T»<&. 0 1 (a) « 
SBflBH. HI (b) ttHl (a) tc&tt-g. A^r6]£ 
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[0 0 2 1] Vf" d7 P*£®3 l^^cOT-r^pjS^Jg^ 
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®AJS2-7. KS^jS^6 1 SgT^7X74dEa2 0 
\Z^frft2> Q ' 

[0 0 2 2] S^tf 6 111 Vf* i7D&*t^-0Dv-f 

^pft^^^^gB^t^fTtLT^gBK^niiiiTi^ 
fa'vjtttrjS&'ggB 6 l - 1 1, 7-f^ni&SM$ti 

tb<D<r- 6 1 - 2 is6>6«j*S*lT 
-©01JT-H SiBiSf3 3iX7X?4fii2 
0 i^jSi^S^^t-rsfcfelC, Jgjgift&tf 3 3<WtSE 
« - r*X2SJ»«« : 6 1 ©SgSMUJil^ifclf 3 3CDWfSi 
$?b<, X5X74BES2 0ia«T4*4»»f 6 1 
©Sffl®tt$gfl2l*iS«3 3 ©S^l^CDTf^C^bUjag 
Z^-t^nm (9 6mm*) tftoT^S. 2 7 BX7 

20 xv4{Si2 ftiKafcft-fe^ov-f ^p«*wA-ra 

^©V-f^P&SA^T&D. C^TIl 5i$;tf9X 

& 2 7 om-pT-f ^ njfioiiff^riai^^ijLtsja 

T V -f £ p lz spff k ft ■£> «fc 5 ICSES £ 

[0 0 2 3] 12l:I«3-fJl,5 0 t35^iS«6 1 L 

6 l#ifi©?8#3£ga*ECR&fr«fc!3fc§£<ft»3, 
50 X74M2 Ort©aSfc*«TECR*fr£i»;fc , r.J: 

[0 0 2 4] tOi^&MtioT, V-T^D^A 

^27 *aigufcv-r^n»tt, 6 1 - 1 st 

TSit&^ffl^ifi*.. 7^-/mgB6 1 - 2TSStbTifi 
frck 0 t>S*«IMttia»S:/5yCv£j£a[ 2 0 (ZigtA^tl 

^-/N'^gKe 1 - 2TS^$natfi«'r- : 7^^ D}K 
^^©^i^tt^gRfii^fc^ff^iRi^e.Sjfi^i^cs: 

40 AST*. ^•©itT^ia 3 C^T. 0 3t*5lr»T, 9 ltt 

[0025] r©<fc3«c«5fig(cj;o, mm'sue 1 - 1 

6 1-1 I^T©y5X-7©fg^^|»ihT.5 C i 
■ X5X74M2 0Tf8£bfc:75X 

-^««6 1 -2^e.^& i S : g|!6 1 - 1^0X7X7© 
teffifcttft < > V-f i7 P?ftigSA5g! 2 7 ^©^©^af^ifli^J 
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v^fiK^ 2 0l*)T©v-Y f o«eoa!»r5!**«ec:6*f . 

[0 0 2 6] £JDJt##ijTte. V-f^D^A^2 7 * 
X^;Xv£j&^2 0^©V-f£D»i|(AJBBBP2 8A»6 

ortTSfefiKsnfe^^xv+ots^ttssmsfE-e^-r, 

V-f^D&i§AS 2 7^©Ig©ttSI»ih5&««}:&3&*fi*j£ 

[0 0 2 7] bfciibT, £©J:3fcttj*l;:«kt), 

[0 0 2 8] W&tfffi 61-1 |*n?© v-f 

KB 6 1 r- l rtTCD^Xvro^&B&ifcLT^S^v $ 
5> ic; 6 1-1 rtT^'T 9 v&ofetEfc&ttz 

•?-©gii©gI$#Tte-x'-f £ D&®im##lCii< ft 5 

.cot, sss^gB6 i - \n^3X^^z^it.%m<t 

5 ft#Sfd<;©0iJ£ SIJIfia|JL*5<fc^ifi^J 2_tSB 

t. ■ ; • .. 

[0 0 2. 9] Jiiftll - 
'H4 (a) , : (b) Az*&W \zm2>~75X-?® ! mm&(D 

4 (a) tt^SWMia. 0 4' (b) tev-f ^ Dj&SgAgK 

[0 0 3 0] 04 (a) £;feV>T» 6 4liV-f^D« 

Y»ttiff«nT*>*»il[ia»T»*. 6 3\Z*£:mz 
v-f ^D : jR&^l0ttS-rfcs6cox'J h (WD) 6 2&;£ 

[0031] X 'J y h 6 2 6 3-1 ©^?X 

t±^2 0ffl8©si*ifc^$nT*D, ^o^j-rtt. 

^ D&0Djlff^|S]fC«4 0 mm, SttfT^faKitAft 
^r|o]{C^ 9 6 mm&'feWMn t bT^S. n^U 6 

3 - 2«^u », h 6 2 tjssiu c ©#!-?«, 

6 3 - \m\t 9 6mmX 4 0 mm©JEJi?MP, ^7Xv 
£j££2 OffiiJ«SS&«g|5 6 3 - 1 CDfi^frfai^bMa 
SSrt)t3 9 6mm<i)CDnjgg8PtC^-pT^-5. 2 7- 

1. 2 7 - 2 (S»S5*^LT7-i'i' Dt^^XtSft 
J6©v-f £ D&agAJST-. * U y h 6 2 ^j^AyT-^-CQM 

■six, cnm-^it^mmam^inx^^ 

[0 0 3 2] ^*D««3 lj&»S©V'f £D«KMg# 
S?«®3 2, 3 4, JE»i»««3 3S«T»RH] 
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o«AK27-l, 2 7 - 2 £51 . X U y h 6 2ft 
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omTzm 5 t^-Ti 0 1 tt-r-f ^aisom^^j 

[0 0 3 5] HOiSftfltoftfciD, 6 3 - 1 

F*3Tte, v^£a&ffi#m#fB&#£Wr£ft(P, .35 
fc, XU y h 6 2#ia*»J6«E*©»a:«:-3TV-f ^n* 
•^#K»<)i!)..*af»6 3- lrtTO^X 
■7©^*Srg&±-r-5^t**T€r*«t-5fC^S. 
T-f ^ D»lin«8JH:»9TEC R^#«fc 0 tii^a^ 
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i7nig^AffllBP 2 8^e>*TJE^©tfi:aCfiHBLT^ 
3©T, X5X74(j5S 2 0 rtT4B£Snfc^7X7(f 

©&Tpanit&?i!*T#-f, 7-fja$iSAii2 7- i, 

2 7 - 2 >s©itOfit#Sfr±«tJ: 0»*«lt S*IT^*. 
[0 0 3 7] CStatW2] 

40 0 6 (a) . (b) tc^W jcM^XzXzMMMEg 

TSlT^t). flfi©gK^©«Sj*ttia 7 <h|3H£T<&-5. 12 
6 (a) tt^BfflBEl, 0 6 (b) tevf i/D&SSASB 
©^ffiSr^r. 

[o o 3 8] iwhshc&^t, 6 7«-e©— mzsi^e 

5 &*1-SK2gag^^T, V-f ^D&*t-e©V-1'i7DiS 

ti^js^as 6 7 - 1 cwv-r^ Djg^^gi5«8^{c)tt 

7 1 X? XV4^S 2 0 < f-^Sa! 6 7-2£fr 
50 e>ffitfL2tlT\,*Z>. mm^6 7- lC^XvMS 
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©WTIt 7-f ? D«©jl?T^f^lC«4 Omm, itfr^ 
|6]fclt^7i^[6]{C«9 emmro^g^HPiibTVi-g),, x 
-^<gg|5 6 7 - 2«X'J y h 6 2 taliib, dOD^JT 
te, gifcifglSe 7 - HWM9 6mmX4 OmmWiEJgHB 
□ , ^5XT4«$2 0M«l&ffl6 7 - 1 OJIfS 
|nJi^btiia^«:fc0 9 6mm<f>©RjgMPfcfcrpTH 

[0 0 3 9] V-C^a$j!I3 1 ri^WV-f £ Djfe«j£Jg 
^if 3 2, S^gg3 4, &JB«&tt3 3. V-f£D» 
j&ASS2 7 &j£T£l«i6 5»C<t 0K*t$tl, T-f^D 

SfSS 6 7-1 l*3{C^ffi^&}gfig-r-5. X 'J V Y 6 2 tt 

«£>, X U v V 6 2#iSte££$iCDM5 < i;;ftt9, V-f<>D&- 

a&te^- AW85 6 7 - -zziz. 9— 

/•SmU 6 7-2 S:^bT^7X-74filci 2 0 l*lK;Sfc#t£ 

[0040] zcoj:oti.ffimz£K),. mm'sm 6 7 - 1 

\Z, X'Jy h 6 2#jfi!&s^ffiitC0giit^-3T-7'r^D}S 

m%-m¥-%\zm<tsiQ\ mm i e^6 7- i^t^x^x 

-?<Dft±Zffi±-?Z,Z,ttfTg2>£5lZt < t.Z>. -£<HZ. 

£/s^2 0 i*iTcov-r ^p^ojji^^^c e.-r. « 

[0 0 4 1] ^MWc&t^T^ v-f^o^A.^ 
7 StX^Xv^^ o-sro-y^r^niigigAfflUSa 2 8 

[0 0 4 2] ±'&l>tz&mm&\Tfc, -?-1i>utii 

<ht«to, -^^ i7 a^n^mnt^mzmm^-^^h 

©tLT^S^ {5iJAtfl212lC*3^TJE^)ft^ : 3 3* 
?&fv,n-Y )V5 0, 5 0©W*3ffi-r«k'5fcBaeL/. 1^3 
-f )U5 0, 5 OCD^I.ffliltTB^fCffitfScfcptCLTfc.fc 

®&*§5raP<i:U <lfe*{RiJ^®SrRJg^Pt L-Ac^', 
OiUaiffi$:JgJg|lPiLTfcJ;H. ±tflLfc&3l 

®s<firf. X5X-?3l#tULI?BP 2 1 <Z>mT®lZ&]%$> 
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[0 0 4 3] 

^ pafcmRZftffimwtw-ntLTftm&mzmmtz 
fim^mtsctiz^v, m®.*g{*i-e<D77X^<D%3it 

CD 31 ft £ y ^ Xv±5£tI±(9^31|fM# E C 

R&ft&z>tt&\,*mffirB.&izmi-fT?\-fflm.mzr<i-DT 

^7X7Mg^<iii;J;f) 1 X^XTMIfiT 

<r>^i z vm<»mm%W3<zL ttfx% tuv, z. 

ift^mX"5Xx'S;^^LT^fi£-r-g>c:t^T#, A 
l, Mo, W, Ti, T i ©^II1=S i C, a- 

[HffiOTfiSJIL&irra] 

[0 1] *^BJOJMi^.y5X-7Mll^g©a^fjaj 
\Z &rtZ>-?-1 ? ai&mAfflitUtKl, TITBI T" 
[EI 2] S^Wtc^ttSSi^n-f ^i^^^^tCDffi 

[El 3] S^^JtisttSK^^^rtTcov^^ Djgo? 

[Ei 4] *m£izi&&77X^® ! mmmc>m±<DmMM 

\z&»Z>-?^ 5 □^agASg&^bT^-TEl T^-g) . 

[El 6] *f8BJ!^^^y9X-v'«!ia^gro^0»!Ef?iI 
^^^^v-1 , »D^A$g^fe^:bT^-rE| -Cfe-5 „ 

[ei 7] ECR&mmLtzi£$i(D7?x-?® : mmm<DM 

[El 8] V^i7D&agA^-^CD^m'l4l]iCD#^$#l:L 

Ac^wy^XvjaEi^soS^fiJcS^-rElT^,, 
[El 9] T-f ^Pffi^A^^ro^SttMro^^^^b 

[EI10] ■7-r^njS^A.^'xc7)^ttttJlK©#if^#jt 

1 ^ * co y ^ x v m a m co a * w $l & m t ei t& 

2 o x^x^Mi 

5 0 Sa^^JI, 

2 7, 27-1, 27-2 -7-f£P# 
2 8 T-r^D^AfflP^P 

6 1, 6 3, 6 7 M&igfom 
50 61-1,63-1,67-1 
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